A novel strain, designated AM23
T
. The results of the phylogenetic, phenotypic and genotypic analysis indicate that strain AM23
T represents a novel species in the genus Arthrobacter, for which the name Arthrobacter echini sp. nov. is proposed. The type strain is AM23 T (5KACC 18260 T
5DSM 29493 T ).
A purple sea urchin, Heliocidaris crassispina, belonging to the family Echinometridae, was described by Agassiz (1863) . H. crassispina is distributed throughout the coastal waters of Japan, Korea and the Pacific Ocean (Jung et al., 2015) and is known to eat plants and algae. During an attempt to isolate novel bacterial symbionts from the gut of H. crassispina, a novel Arthrobacter-like strain was isolated. The genus Arthrobacter in the family Micrococcaceae was described by Conn & Dimmick (1947) , and members of which are Gram-stain-positive, aerobic, catalase-positive and produce little or no acids from glucose (Chang et al., 2007) . At the time of writing, the genus Arthrobacter comprised 87 recognized species. Although most Arthrobacter species have been isolated from sediments (Chen et al., 2005; Pindi et al., 2010; Roh et al., 2008) or soils (Ganzert et al., 2011; Park et al., 2014; Zhang et al., 2010) , several
Arthrobacter species have been isolated from human clinical specimens (Hou et al., 1998; Wauters et al., 2000) . The current study describes the taxonomic characterization of a novel bacterial strain, designated AM23 T , based on a polyphasic analysis and it is suggested that this strain represents a novel species of the genus Arthrobacter.
The purple sea urchin, H. crassispina, was collected from the eastern coast of the island of Dokdo, Korea. For isolation of gut bacteria, H. crassispina was rinsed in 100 % ethanol and sterile distilled water twice. After washing, the intestinal tract of purple sea urchin was dissected with sterile instruments. The detached gut was homogenized by shaking in a tube with glass beads (0.4-0.6 mm in diameter) and 1 ml of filtered PBS for 1 min using a FastPrep-24 Instrument (MP Biomedicals). The homogenized intestinal tract was serially diluted in sterile PBS. Prepared samples (diluted 10 21 , 10 22 and 10
23
) were spread onto marine agar 2216 (MA; Difco) and incubated at 25 8C. Strain AM23
T was isolated from a 10
22
-diluted sample after incubation at 25 8C for 7 days and then purified by repeated subculture. The isolate was stored at (80 8C as a suspension in marine broth 2216 (MB; Difco) containing 40 % (v/v) glycerol. Physiological, biochemical, 3These authors contributed equally to this study.
The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain AM23
T is KJ789956. chemotaxonomic and genotypic analyses were performed at least three times.
To identify the taxonomic position of strain AM23 T , the 16S rRNA gene sequence of the isolate was obtained by colony PCR amplification. Cells from a single colony were added to a PCR Premix (iNtRon Biotechnology) with two universal bacterial primers: forward 8F (59-AGAGTTTGATCCTG-GCTCAG-39) and reverse 1492R (59-TACGGYTACCTTGT-TACGACTT-39) (Lane, 1991) . The 16S rRNA gene amplicon was sequenced using a BigDye Terminator Cycle Sequencing Ready Reaction kit (Applied Biosystems), according to the manufacturer's instructions. The reaction mixtures were analysed using an automated DNA analyser (PRISM 3730XL DNA Analyser; Applied Biosystems). The sequenced 16S rRNA gene fragments were assembled using SeqMan 5.0 (DNASTAR) and then compared with the sequences of type strains in the EzTaxon-e database (Kim et al., 2012) . This comparison showed that strain AM23
T was closely associated with the genus Arthrobacter in the family Micrococcaceae. T (97.09 %). A phylogenetic tree was reconstructed to determine the phylogenetic relationships between the isolate and closely related species. The sequences of the isolate and closely related species were aligned using CLUSTAL W (Thompson et al., 1994) and used to reconstruct phylogenetic trees with MEGA6 (Tamura et al., 2013) . Phylogenetic distances were calculated using the neighbourjoining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) algorithms based on 1000 bootstrap replicates. Strain AM23 T formed a cluster with other species of the genus Arthrobacter (Fig. 1) . The phylogenetic tree including all species of the genus Arthrobacter and strain AM23
T is provided in Fig. S1 Optimal growth conditions for strain AM23
T were verified at different temperatures, salinities and pH levels. The isolate was incubated in MB at 4, 10, 15, 20, 25, 37, 45, 55 and 65 8C and pH 4-11 (at intervals of 1.0 pH unit). Adjustment of the pH of MB was achieved using 10 mM MES (for pH 4-6), 10 mM TAPS (for pH 7-8) and 10 mM Na 2 HPO 4 (for pH 9-11). For salinity tests, the isolate was incubated in MB lacking NaCl, which was supplemented with 0, 1, 2, 3, 4, 5, 6, 8, 10, 12 and 15 % (w/v) NaCl. Growth under each condition was determined by measuring the turbidity at 600 nm (OD 600 ) of each culture after 24 h, 48 h and 7 days using a spectrophotometer (Synergy MX; BioTek), following the method of Hyun et al. (2015) . Anaerobic growth was examined after 7 days of cultivation at 37 8C on MA plates in an anaerobic chamber filled with an N 2 / CO 2 /H 2 (90 : 5 : 5, by vol.) atmosphere. The isolate grew at 10-25 8C, at pH 6-9 and in the presence of 0-8 % (w/v) NaCl. The optimum growth conditions were 20 8C, pH 7 and 1 % (w/v) NaCl. Anaerobic growth was not observed. Gram-staining and colony appearance of the isolate were tested after incubation at 20 8C for 72 h. Gram-staining was performed using a Gram-staining kit (bioMérieux), according to the manufacturer's instructions. For observation of the rod-coccus cell cycle, cells were incubated under the optimum conditions for 3 and 6 h and 1, 3, 8, 10, 15 and 30 days. Gram staining and cell morphology was observed under a light microscope (Eclipse 50i; Nikon). Motility was checked using semi-solid MA containing 0.4 % agar (Tittsler & Sandholzer, 1936 ) after incubation at 20 8C for 1 week. Strain AM23
T produced colonies that were circular, dark pink, 0.1-0.15 mm in diameter and convex with an entire margin. Cells were Gramstain-positive, non-motile and coccus-shaped (diameter 1.2-2.2 mm). However, the rod-coccus cell cycle was not observed.
To characterize the biochemical properties of strain AM23 T , enzyme activities, hydrolysis of different compounds, utilization of various sole carbon sources and acid production from various carbohydrates were compared with the reference strains. The biochemical tests were conducted using cell biomass of the isolate and the reference strains which were cultured on MA medium under the optimum growth conditions for 48 h. Catalase and oxidase activities were tested by bubble production with 3 % (v/v) hydrogen peroxide solution and indophenol blue production with 1 % (w/v) tetramethyl-p-phenylenediamine (bioMérieux), respectively. Utilization of various sole carbon sources was tested using GP2 MicroPlates (Biolog) with GN/GP inoculating fluid (Biolog) supplemented with 1 % (w/v) NaCl. Enzyme activities were determined using API ZYM test strips (bioMérieux), according to the manufacturer's instructions. In addition, nitrate reduction, indole production, D-glucose fermentation, arginine dihydrolase, urease, b-glucosidase, gelatinase and b-galactosidase (PNPG) activities were tested using API 20NE test strips (bioMérieux). Strain AM23
T was catalase-positive and oxidase-negative, which differed from the reference strains. The isolate could be further distinguished from the reference strains by utilization of various carbon sources, enzyme activities and acid production from various carbohydrates. The complete results of the biochemical tests are given in the species description and differences in biochemical characteristics of the isolate and the reference strains are shown in Table 1 .
Chemotaxonomic characterization of strain AM23
T was achieved by comparing its cellular fatty acid profile, isoprenoid quinone compositions and polar lipid profile with the reference strains. Chemotaxonomic analyses were performed using cell biomass of the isolate and the reference strains after growth on MA plates at 20 8C for 72 h. Cellular fatty acids were extracted according to the protocol used by the Sherlock Microbial Identification Systems (MIDI, 1999) . The cellular fatty acid compositions of the isolate and the reference strains were identified by GC (6890 gas chromatograph; Agilent Technologies) and the Microbial Identification software package (Sherlock version 6.2) based on the TSBA6 library (Sasser, 1990 ).
The major cellular fatty acids of the new isolate (.10 % of the total) were anteiso-C 15 : 0 (46.9 %) and iso-C 15 : 0 (25.9 %). The cellular fatty acid profiles of strain AM23 T and the reference strains are presented in Table 2 . Isoprenoid quinones were extracted from strain AM23
T and the reference strains according to the method of Collins & Jones (1981a) and identified by HPLC (Collins & Jones, 1981b ) using a reversed-phase Luna C18 LC column (15064.6 mm; Phenomenex). The respiratory quinones et al. (2014) . †Data were taken from Heyrman et al. (2005) . ‡Data were taken from Chang et al. (2007) . §Data were taken from Koch et al. (1995) .
in strain AM23 T were menaquinones MK-9(H 2 ) (78.1 %), MK-9 (15.7 %) and MK-8(H 2 ) (6.2 %). The major respiratory quinone in the isolate was MK-9(H 2 ), which is the main quinone in the reference species of the genus Arthrobacter (Koch et al., 1995) . To determine the polar lipid composition of strain AM23 T , polar lipids were extracted according to the procedures described by Xin et al. (2000) . The polar lipid extract was separated by twodimensional TLC on a silica gel 60 F 254 plate (Merck). Two solvent systems were used for separation: chloroform/methanol/water (65 : 25 : 4, by vol.) for the first dimension and chloroform/methanol/acetic acid/water (80 : 12 : 15 : 4, by vol.) for the second dimension. Three spray reagents were applied to detect polar lipids (Tindall, 1990) : 10 % ethanolic molybdophospholic acid reagent for total lipids, ninhydrin reagent for aminogroup-containing lipids, Zinzadze reagent for phospholipids and a-naphthol reagents for glycolipids (Siakotos & Rouser, 1965) . The phospholipids were identified by one-dimensional TLC with chloroform/methanol/acetic acid/water (50 : 6 : 6 : 1, by vol.) using five standard compounds (Sigma): phosphatidylcholine, phosphatidylglycerol, phosphatidylethanolamine, diphosphatidylglycerol and phosphatidylinositol. The polar lipids of strain AM23
T comprised phosphatidylglycerol, diphosphatidylglycerol, phosphatidylinositol, one unidentified glycolipid and four unidentified lipids (Fig. S2) . A comparison was made with those of A. agilis DSM 20550 T .
Cell-wall hydrolysates were extracted from strain AM23 T and A. agilis DSM 20550
T as described by Schleifer & Kandler (1972) . Cell-wall sugars of strain AM23
T and A. agilis DSM 20550
T were spotted on a cellulose TLC plate (Merck) with standard sugars (ribose, galactose, glucose, mannose, arabinose, xylose and rhamnose) (Schön & Groth, 2006) . The spots on the TLC plate were developed twice in 1-butanol/ water/pyridine/toluene (10 : 6 : 6 : 1, by vol.). Sugars on the TLC plate were detected by spraying with aniline phthalate reagent. Cell-wall peptidoglycan amino acids were purified and hydrolysed as described by Bousfield et al. (1985) . Alanine, glutamic acid, glycine, lysine, threonine, mesodiaminopimelic acid and 2,4-diaminobutyric acid (Sigma Aldrich) were used as standard amino acids. Peptidoglycan hydrolysates of strain AM23
T and standard amino acids were separated on a cellulose TLC plate (Merck) by methanol/ water/6 M HCl/pyridine (80 : 26 : 4 : 10, by vol.) and detected by spraying with ninhydrin reagent. The peptidoglycan of the isolate contained lysine, glutamic acid and alanine and the cell-wall sugars were galactose, mannose, rhamnose and ribose.
To determine the genotypic characteristics of the isolate, the genomic DNA G+C content was measured. For the genotypic analyses, genomic DNA was extracted from strain AM23 T , A. agilis DSM 20550 T , A. pityocampae DSM 21719 T , A. tumbae DSM 16406 T , A. subterraneus KCTC 9997
T and A. parietis DSM 16404 T . The DNA G+C content of the isolate was estimated by a fluorometric method with SYBR Gold I using the CFX96 RealTime PCR Detection System (Bio-Rad) (Gonzalez & Saiz-Jimenez, 2002) . In the analysis, genomic DNA extracted from Escherichia coli K-12, Bacteroides fragilis NCTC 9343
T , Bacteroides thetaiotaomicron VPI-5482 T and Ruegeria pomeroyi DSS-3 T was used as calibration references. The DNA G+C content of strain AM23
T was 67.3 mol%. To identify the genetic correlation between AM23
T and the reference strains, DNA-DNA hybridization was performed using a genome-probing microarray (Bae et al., 2005) . The DNA-DNA hybridization values were checked based on the signal to noise ratios of the DNA probes (Loy et al., 2005) . The mean DNA-DNA hybridization value between strain AM23 T and A. agilis DSM 20550 T was 28.8¡3.9 % (reciprocal, 28.1¡3.5 %) (Table S1 ).
Based on the phylogenetic, biochemical, chemotaxonomic and genotypic characteristics, strain AM23
T is suggested to represent a novel species of the genus Arthrobacter, for which the name Arthrobacter echini sp. nov. is proposed. Description of Arthrobacter echini sp. nov.
Arthrobacter echini (e.chi'ni. L. gen. n. echini of/from a sea urchin).
Cells are strictly aerobic, Gram-stain-positive, non-motile and coccus-shaped (diameter 1.2-2.2 mm). The rod-coccus cell cycle is not observed. Catalase-positive and oxidasenegative. On MA, colonies are circular, convex with an entire margin and dark pink with a diameter of 0.1-0.15 mm after 72 h of incubation at 20 uC. Growth occurs at 10-25 uC, at pH 6-9 and in the presence of 0-8 % (w/v) NaCl. The optimum growth conditions are 20 uC, pH 7 and 1 % (w/v) NaCl. Positive for esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, trypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase and a-glucosidase (API ZYM); and fermentation of D-glucose and urea (API 20NE). Utilizes dextrin, Tween 80, D-fructose, cellobiose, D-gluconic acid, a-D-glucose, maltose, maltotriose, D-mannose, palatinose, sucrose, turanose, acetic acid, c-hydroxybutyric acid, a-ketoglutaric acid, lactamide, monomethyl succinate, propionic acid, pyruvic acid, succinamic acid, N-acetyl-L-glutamic acid, glycerol, adenosine, inosine, uridine and adenosine-59-monophosphate (Biolog GP2). The major cellular fatty acids are anteiso-C 15 : 0 and iso-C 15 : 0 . The cell-wall peptidoglycan is composed of lysine, glutamic acid and alanine. The cell-wall sugar components are galactose, mannose, rhamnose and ribose. The major respiratory quinone is MK-9(H 2 ). The polar lipids are phosphatidylglycerol, diphosphatidylglycerol, phosphatidylinositol, one unidentified glycolipid and four unidentified lipids.
The type strain, AM23 T (5KACC 18260 T 5DSM 29493 T ), was isolated from the intestinal tract of a purple sea urchin Heliocidaris crassispina collected from the coastal waters of Dokdo in Korea. The genomic DNA G+C content of the type strain is 67.3 mol%.
